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FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION ff j
to scientific and technical advancement
Mr. Scientist.. .Engineer.. .Businessman.. .the Clearinghouse for Scientific and Tech-
nical Information can serve as your key to progress in research and development. Each
year, some 40,000 unclassified documents from more than 125 Government agencies en-
ter our collection. The Clearinghouse announces, reproduces and sells these reports to
the public at a nominal cost. To make this wealth of scientific and technical informa-
tion readily available, we have tailored our services to meet the needs of the highly se-
lective customer as well as the general user. Some of these services are listed below.
U.S. GOVERNMENT RESEARCH AND DEVELOPMENT REPORTS (USGRDR). Th is s e m i m o n t h l y
jou rna l a b s t r a c t s a p p r o x i m a t e l y 40,000 new G o v e r n m e n t - s p o n s o r e d repor ts and t rans la t i ons an-
nual ly. Fea tu res a qu ick-scan f o r m a t , c r o s s re fe rences , edge index to sub jec t f ie lds , and a re-
port locator list.
U.S. GOVERNMENT RESEARCH AND DEVELOPMENT REPORTS INDEX (USGRDR-I). Pub l ish-
ed concurrent ly with the USGRDR to index each issue by subject, personal author, corporate
source , con t rac t number and access ion / repor t number. Quar te r l y Indexes and an Annual Cumu-
la t i ve a lso are ava i lab le .
CLEARINGHOUSE ANNOUNCEMENTS IN SCIENCE AND TECHNOLOGY. A semimonth ly current
a w a r e n e s s a n n o u n c e m e n t se rv i ce in 46 separate ca tegor ies represent ing c o m p l e t e coverage of
al l documen ts announced by the C lear inghouse. Highlights spec ia l interest repor ts .
FAST ANNOUNCEMENT SERVICE (FAS). Select ive announcement serv ice emphasiz ing commer-
cial applications of report information. Covers approximately 10 percent of Clearinghouse
documen t input. Comp i l ed and m a i l e d in 57 ca tegor ies .
SELECTIVE DISSEMINATION OF MICROFICHE (SDM). Au tomat i c d ist r ibut ion tw ice monthly of
G o v e r n m e n t research and deve lopmen t reports on m ic ro f i che . E c o n o m i c a l and highly se lec-
t ive. S e v e r a l hundred c a t e g o r i e s f rom wh ich to choose.
ADDITIONAL INFORMATION conce rn ing these and other C lea r inghouse se rv i ces is ava i lab le by





U.S. Department of Commerce
Springfield, Virginia 22151
ft U. S GOVERNMENT PRINTING OFFICE 1969 O - 360-245


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































E o C C
a- a tu
*J X 4= 3
I tu
*j c n h.
c m ai IM
OJ -H 4J




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































» ** g3 v e
0 X 3
-• a o
i : 5 .
ea O •*•* "O
^J u
§ c ca ca -o
« 01 CO C
U CO (3 O
q (X 44
b tO * tO
i- i-» U
OJ •"" en
49 44 J3 VH
« M 3 X
O 44
01 T)
X * 4444 e o ci
^ •£ g•• ** 
0) tAM rw *o v.0 O C 0
tt* • CO ti
U V*
U V* *• •**1 o u
 B
H •» « 00
cu to e3
 i ^
ai to w n
•O > X 6
-^ U vt
» to O r-



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































b S b t.
o -D i o
s -s g *











































































































































































































































i [ _ i o r - 4 \ o ( v j i n c o » , ^ -
M > « X ^ > < > < X < T > <g X
rf " i n " " " i-T



















































































































































































































































o o o c c c c
o o o c a o o
in, m
m ^ *A
o o o . c o c o
xO *Oin - in
0 O O~ O C ' C O
o o c o c- c— • o
o
. 0 0 0 o o o
o o Q o .0 o o
,* .3- in m <r •*
oj CN CN ri <M CN
i ' i t







































































































































- ~ CO I
































































































































































. • 5 !














oc -^ a0 6K uS u e
S c o^ -<
c a
C cj n






M *J -^« -O -rl
H J J t U W ^ N W —
x c -^
< (C ,C3


























































































































































































































































u - w - i i
W-'M T3 -0
•^ -M -**J«H
Z -^ -0 )O '
O Cl' O iQ
- M 1- XI XI
o a s Q '
« tn P<I fci — — _ , — f
O O *A tA
vj O -3 O
os'a? o o















































• O-'E Z-P^k-,« i i-
U H -D -O
-E"£ 'o''o
*a p.-nv«"
^^ \»* s_/ sx
O O 1A- 1^







w o a «



















































































k> W 1 1
t* •»* -O -O
S PH 0 0
01 01 O O
o) o) Q a£ j= i- *-
tn in a* cu
in m fi










































o E z: PU
h -rt *O -O
Z 0, O 0
0 0 O 0t< h .£ .a
a o o o
a. o. o a
OT W P* CX

























































































































































































































J3 ^00 O X
•H IM
s « i


























































































































































































































































































































































































































































































































































































































































































- 1 . 1 ^
23 ' 530 3 ! - L I O S







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































9 lO ' I -
CSl ' I - szri-
































































































































































































































































































69-C-7 d aaaHds -U «" oooi-s/j-oxow woiiun ssvd-3iaioa aaxu 'IIAX aisvi










































































































































































































































































10 A* * * * *
D
2
g * * *
i
i * * * * *
£•>-j . * * * *














-j t i uQ_ rvl> CO
J 1 1 I 1 J ) ) \"
'*
+ * * +
ss
* * * * ^i^
P ' ' (?
z
00 ,
* + * » • inrvi>-
^ 8
cr
* * * * o-«
^ SI
, JDC7)
. . . . . . . -cnrvim
* + » * i/ii/»(n —
» oeo • ,
2g







































1 * » i










* * -* I
- • + 5
* 2 " "^ "^ i*










I I 1 1 ) )
+ Old
+ • (O CD '
*
 +






, » •• o
4 1
f
 * i — • oj a
^ * ! ooa
'V » * 5 i i o





















































4 t + « * l' l' .11
IXJ ••?<
u_ ."-rt? n j ii "
.UJ
_•— 2 ~Z. J
ru *vj,>- in














































































































































































































































_i n ELJCu rxi>- tn









E + + 4
=
 *D *
 + . ,
0 * *
2 ++ *
1 + *in + * . * '
£ 4 *
^ +
O * * *












. + *^ CP
* * p • A
. -
1
 5 s 1
* <
* * LJ ( 1
' * * * tt
* * * U. X X4 cc cr cc
* ^ s ^
+ * + <» + —
* «.+ •" ' °
* + * 4 ' iii
*. + a oo
' ^ - , O O O
, 0
>-UJUJO
3» ^ - O
omo







O II 11 •
O -. UJ
















O. MJ >- in




















i l i j j l l i l l i j ) i. )








0 , *•' »




— * * * j. +






^ » |TI Ol 1
+ '
+ * UJO u • *
+ * * <* xi
+ tnrvi>-
* *
 + + i-S
+ * + a uj









a u. z:S u n
















































i- Z 2 _lD a
-IE £0
a. M>- in






























































, + * 1/7 (\J
3T^ CO
. * O7 OJ
* *
 + — ru
^** * * uj











fe „ „ jj-j





























3«SO_ rvj >- in































«J E 3C. «_JO_ rvi >- in






















































































'£ > + + * •















. in 10 en
r~, en
, " i' i n
o
,''x D —— CE





















- uj tu enr^ OQ m3*'CP en








































































































sc .V" ' +



























5 S2 ~3C O9
§ §>"- — — —
S |
1 V
Z, 05 + *a - >4

























fe»r - - « •>
^ + X*+ 53-
'% * ££
* - ' S
»* * ^
i *


























!b r 11 n








- .a)'in ro • i
" ;(\J'O •




















+ + * +
+ + + +
V.







































































































>- ujuj encouicnCD tn co
.(\jocn

















O II II —
UJ







































































UJ +* * <















+ + + * .
CD
+



























' + + V- oi
+ * * — • ruo
.* * ' OOO
* . * 110
tft * UJUJO




























* * * * n^
+ .+ — evo
* + * OOO
** ' lilO
** * — K? w?.*+ mw .
rvr OCD
2S





























J J J I J I
OO
00
CO
COin(O
i
a.
CD(X
S _
tu O
UJ
a>
X a)
_ cr>
o c>
O CP
o \r>
\n
S i
Ou
o_
o cr
o co
UJ «
°
i i
UJ UJ
Sab
(MO
11
f»J s-
ai
UJ
«c\iaODD
I I O
LUbJO
D OTDin CDO
cnoa
U7O
££5
J i
